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Typical Scientific Code
Development

* Choose physics modelling problem
* Determine equations

* Find approximate solvers

* Code/Revise FORTRAN .
» Test FORTRAN } lerale ORG
* Tune FORTRAN
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Software Tools
for Scientific Computing

* Text Editor

* Fortran Compiler

* Debugger

* That's 1t?

£ = * o . » M

“S$o what's this? | asked for a hammer|
A hammerl Thisis a crescent wrenchl ...
wgil,maybell’suhamar;...mmesem
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What do we really want?

* A way to write a spec 1n a succinct notation
* Incremental conversion of spec 1nto code

* Capture of rationale for each step

* Means to add implementation knowledge

* Means to revise spec and get revised code

These tools exist!

* Sinapse

* Financial differential equations — code www.scicomp.com
* DMS Software Reengineering Toolkit

* Arbitrary program transforms www.semanticdesigns.com
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Key Technology:
Transformation Systems

Stepwise Semiautomatic Conversion of Specs to Code

Transforms
aka “Rules”
distributive unity remove like-term factoring
law multiplier ~ parentheses  combination

[, [, l L,
(Xy_ 1 Y) ces Xy- Xy+y (X—I— ] )y
Ji Je Ji Je
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Optimization transform
in DMS Rewrite Rule Language

default base domain C; <Domain Name

\\\v_l__l_//

if no_side_effects(v) < Rule Condiion

rule use-auto-increment(v: lwvalue):
Oa statement -> statement
"\v = \v +1” < Domain Syntax |
ﬂ rewrites to

Before: (*Z) [a>>2] = (*Z) [a>>2]+1;

After: (*Z) [a>>2] ++;
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So what's hard about these tools?

Knowledge Capture

* Defining notations (differential equations, FORTRAN)
* Notation parsers (MATLAB, C++ front ends)

* Computing inferences (symbol properties, information flows)

* Mappings (partial functions) from one notation to another

* Capturing sequence of transformations

* Replay of transformation sequences

Limits what we can do now

* But enables many useful software engineering tasks
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USAF B2 Bomber: Automated Legacy Migration

*Thousands of rules
~ *100% conversion
*Reused for F-16 migration

2. ‘."\‘ = . _. et -
P WS ‘“:—-,-?::
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Automated JOVIAL to C Migration

* Problem: aging 16-bit 1750 microprocessors in B2 Bomber
— 350,000 lines of mission software in JOVIAL <: Spec

— Desperately need more memory space and speed
* Application functionality enhancements pushing boundaries

— No deep institutional knowledge about code details

* Solution: DMS + Semantic Designs’ services

— 12 months to implement JOVIAL translator < Transforms
* Uses DMS source-to-source transformation rules

— 100% automated translation (some minor input edits)

— Passes ground simulator for B2

— Staging for installation in aircraft now IM
Transformations
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Retfinement transtforms
Jovial to C

default source domain Jovial; <:Qamam_Nam.Ll

default target domain C;

private rule refine data reference dereference NAME
(nl:identifier@C,n2:identifier@C)
:data_reference->expression

= "\nl\:NAME @ \n2\:NAME" -> "\n2->\nl".

private rule refine for loop letter 2
(lc:identifier@C, fl:expression(@C,
f2:expression@C,s:statement@C)

:statement->statement

= "FOR \lc\:loop control
\f1l\:formula BY \f2\:formula; \s\:statement"“

->
ll "{ int \lc = (\fl);
3 Target Domain Syntax

for(;;\1lc += (\f2)) { \s }
if is letter identifier(lc).
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DMS Software Reengineering Toolkit

* Metaprogramming machinery
— Source code analysis + modification
* Enables variety of automated SE tasks
* Commercial applications
— Formatters, Hyperlinked Source Browsers

— [P protection by code obfuscation S loolkit
— Documentation extraction | I il
— Metrics

— Preprocessor conditional simplification

— Test Coverage and Profiling tools

— Clone Detection and removal

— DSL code generation: Factory Automation
— Migrations (JOVIAL to C, C++ to C#)

— Large-scale C++ component restructuring
— SIMD vector generation from data-parallel C++ code ‘9"?

* Research applications
— Generic Aspect-weaving (U. Alabama Birmingham)
— Code generation/quality checking for spacecraft (NASA/J PL)—Q_@
— Architecture Extraction (SD)
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How DMS Works

Generalized Compiler Technology Specialized to Desired Task

Source
Codes

JOVIAL
Source Code

f? DMS

Parse Y Analyze

> Static Analysis

Vulnerability
I J Locations

— Dynamic Analysis
i C++ Code with
Tool 6 Runtime Checks
00
Definition | R"I? L—» Transform » Format > Enhancement
compller Rearchitected
Vulnerability Code
Patterns
N — Migration
Vulnerability
Enforcement I SGNU ng:;
ource Lodae
RefR g Language
Rules Definitions
Translation Ada, C++, SQL, Java, ...
Rules
— . .
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Some (potential) applications
of DMS
for Scientific Computing

* Search Large Application Codes

* Static Analysis: Finding Duplicated Code
* Dynamic Analysis: Test Coverage

* Smart Differencing

* Minimizing re-testing

* Acquiring regression Tests

* SIMD Code Generation from C++

* Physical Units Checking
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Searching Large Applications

* Some Scientific Codes are huge (1M SLOC, 1000 files)
* Programmers spend 50% of their time looking at code

* One problem: how to find anything?
* Solution: Code Search Engine
* Fast find across large code bases: C, C++, Fortran

* Instant display of hits and matching source code
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Search: Where's the Subroutine?

SD SearchEngine - FORTRAN-F 90

BX

Eile Qwery Domain  Help

Project: SearchEngineGoddardClimateModelprji  Near: 5

gle::l::d[gr::";:ggoRTRAN~F9EI Irll__‘:?;:: I::Iff Fi_Ie F!:lcus: QR _ 85 items match the query.

Lines Indexed: 375514 Context: [ Highlight: CO2_GridComphiod. FI0{142)

File Path: C\Organizations\UJSGovernmentibASAGoddardiClimateModelinglSourceldllfiles_pp

Query Subrrit
I=C02*
COZ_CGridCompMod. FAO(23) MOELIC CO0Z_CGridCowpFinalize &
COZ_GridCompMod. FAO(110) type C0Z2_GridComp
COZ_GridCompMod. FOO(122) end type COZ_GridComp 0
subroutine COZ GridCompInitialize ( gcoC0z2, w o, impChem, expChem, &

COZ_GridCompMod. FOO(1E2) type(C0Z2_ Gridfomp), intent{incout) :: gcoCOZ | Grid Component
COZ_GridCompMod. FAO(210) end subroutine CO0Z2_GridfowpInitialize
COZ_GridCompMod. FOO(2EE) subroutine COZ_ GridCompPun ( goC0Z, w o, impChem, expChem, &
EIZI'Z GridCompMod. FOO(331) type(C0Z GridComp), intenti{inout) :-: gcoC0Z ! Grid Component b
0001328 @ 'e—— e e e
ooolzs ! Na34/G3FC, Global Modeling and Assimilation O0ffice, Code 900.3 ! 0
0001534 'e—— e e e e
ooolss  'EOPR
ooolse ! =3
000137 v 'TROUTINE: COZ_GridCompInitialize --- Initialize COZ_GridComp
ooolzs !
oon1ss v 'INTERFACE:
ooor4o !
oool4l
o0ol4z subroutine _ { gcCO0Z2, w_co, impChem, expChem, &
oaol4as nymd, nhwms, cdt, reo |
oo0ldd
oool4s v 'ISES:
oool4s
ooo14? implicit NONE
oool4s
oool4s v 'INPUT PARAMETERS:
oooLso
oooLsl type (Chem Bundle), intent({in) :: w_c ! Chemical tracer fields

naolsz integer, intentiin) nymd, nhns ! tine




Search: Where’s the COMMON block?

SD SearchEngine - FORTRAN~F90 E]@

File Query Domain  Help

Project: SearchEngineGoddardClimateModel.prj  Near: 50

D_efault Lo lE S ORISR -2 iLog: off File Focus: ** g iterms match the query.

Files Indexed: 54949 rLog: off Highlight: rout2prs fE56)

Lines Indexed: 373519 Context: 0 . ’

File Path: CAQrganizations\JSGovernmentilASAG oddardClimateModelingiSourceWwlifiles_pp

Query Subrit
'COMMON" " I=comes "'
friprs. FO0(2487) common,/conesfesthl{plensest] tmin tmax Jtrice ,pofi&) & "_\
friprs. FRO(3625) conmon,/conesfesthliplensest) tmin  tmax Jeerice pofiE) &
m insitu. FI{lE33) common/cones/festbliplenest) ,tmin ,tmax ,ttrice ,pcii&) ,
m_insitu. F {1779 common,/conesfesthl{plensest] tmin tmax Jtrice ,pofi&)
m_ogsat.  Filo7) conmon/oconesfesthliplensst) tmin  ,tmax Jtrice ,pofiE)
m gsat.FiZ47) common/cones,Sesthl {plenest) tmin ,twmax ,ttrice pofid) |,
commonScomesSesthl (plenest) tmin L tmax ,ttrice ,peofis] =

routfprs. £ (202) commonScomesesthl (plenest) tmin tmax ttrice ,pofig) b
0ooe4s  C Common block and statement functions for saturation wapor pressure -

oooe4?  C look-up procedure, J. J. Hack, February 1990

oooeds C

oo0s4s integer plenest ! length of saturation wapor pressure table
oooes0 parameter (plenest=2Z50)

oooss1l .

O0o0eLtz  C Table of saturation wapor pressure wvalues ez from twin degrees

oo0sss C to thax+l degrees k in one degree increments. ttrice defines the
Oo0ss54  C transition region where es is a combination of ice & water walues
ooosss €

DO0E5E e -> b1 (plenest) ,twin L tuax | ttrice ,pef(8) ,
oo0ss7? * epsgs Srgasv  hlatf  hlatvy  ,cp :

00658 * icephs

000653 C 1
oo0esn real esthl ! table walues of saturation wapor pressure

Oo0ssl real tmin ! min temperature (K] for table

oo0ee2 real tmax ! max temperature (K) for table

000663 real ttrice ! transition range from es ower HZ0 Lo ez ower ice
O00esd real pcf ! polynomial coeffs -» es transition water to ice
OO06E5 real epsgs ! Ratio of hio to dry air molecular weights

o00eaG

ryasv

az constant for water wapor




Static Code Quality Analysis:
Clone Detection

* Solution: Find copy/paste/edit duplicated code:

* Detect Exact and Near Miss hits

* “I fixed this code” (are there other copies?)
* 20% clones = 20% chance there 1s other code to fix!

* What does 1t cost to miss a (cloned) fix?
* Stolen abstractions — should be library routines

* Inconsistent parameters — buggy clones

— . :
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Clone Detection on Large Fortran Code

FORTRAN~F90 CloneDR (TM) Clone Detector and Reporter, Version 2.2.99

Semantic Designs, Inc.
13171 Pond Springs Road
Austin, TX 78729-7102
+1 512-250-1018
www.semanticdesigns com

Clone Detection Report for FORTRAN~F90

Project File: C:/Organizations/US Government WA SA/Goddard/ClimateModeling/CloneDetectionGoddardClimateModel prj

Table of Contents

1. Detection Parameters
2. Files Analyzed

3. Detection Summary

4. Clones By Size

5. Clones By Parameters
6. Detected Clone Tuples

Clone Detection Parameters
Name Value
Similarity Threshold 5%
Maxirmmm parameter count 3
Minirmem Mass (Lines) 30
Characters per node 16
Starting height 2

Clone Detector Statistics

Statistic Value
File Count 599
Total Source Lines of Code (SLOC) 378186
Estimated SLOC before preprocessing 377890
Expanded SLOC after preprocessing 370592
Total clone tuples 4862
Exact-match clone tuples 1847
Near-miss clone tuples 3015
Number of cloned SLOC 130873
Estimated removable SLOC 73362
Possible SLOC reduction %o 19.4%

Possible SLOC reduction in expanded file % 19 8%

= . : —
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A copy/paste/edit Clone

CloneTuple388

Back to Main Report

Detected Clone Tuple

Tuple Mass :\'umber of Clones Number of .Similaritj.' of Clones Syntax Category
in Tuple Parameters in Tuple [Sequence Length]

15 3 2 0961 block_do_construct

Clone Abstraction Parameter Bindings

Clone Instance

(Click to see clone) Line Count Source Line Source File

1 15 765 C:/Organizations/USGovernment NASA /Goddard/ ClimateModeling/Source/Allfiles pp/decompmodule F90
2 15 1109 C:/Organizations/USGovernment NASA /Goddard/ ClimateModeling/Source/Allfiles pp/decompmodule F90
3 15 953 C:/Organizations/USGovernment NASA /Goddard/ ClimateModeling/Source/Allfiles pp/decompmodule F90

Clone Instance Line Count: Source Line:  File:
1 15 765 C:/Organizations/USGovernment/NASA/Goddard/ClimateModeling/Source/Allfiles_pp/decompmodule F90

00 n = 1,=zdist (k)
counter3 = counterZ
DO m = 1,ydist(])

! Since this is a regular distribution the definition of
! tags is dictated by Xdist (I), and appears Ydist (J) times

1 = 1+1
decomp%head (truepe) ¥starttags(l) = counter3+l
decomp¥head (truepe) ¥endtags (1) = counter3+xdist (i)

counterd = counter3+sizex
END DO
counterZ = counter2+sizex*aizey
END DO

— . :
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The Clone Abstraction

Clone Abstraction Number of Parameters: 2

D0 n = 1,=zdist (k)
[[#variakble822c3cal] ]= [[#variakble822c3640]]
DO m = 1,ydist(])
! Since this is a regular distribution the definition of
! tags 1=z dictated by ¥dist(I), and appears Ydist(J) times

1 = 1+1
decompthead (truepe) ¥starttags(l) = [[#variablef22c36a0]]+1
decompthead (truepe) ¥endtags (1) = [[#variableB22c36a0] +xdist (1)
[[¥variableB22c36a0]]= [[#variableB22c36al]]+sizex
END DO
[[fvariablef22c3640]]1= [[#variablef22c3640] J+esizex¥sizey
END DO

Parameter Bindings

Parameter Index Clone Instance Parameter Code Value

1 1 [[#822c36a0]] counter3
1 2 [[#822c36a0]] counterd
1 3 [[#822c36a0]] counter3
2 1 [[#822c3640]] counter?
2 2 [[#822c3640]] counter3
2 3 [[#822c3640]] counter?

— . :
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Tuple Details

xCloneTuplel
xCloneTuple
xCloneTuple3
xCloneTupled
xCloneTuples
xCloneTuple6
xCloneTuple?
xCloneTuple8
xCloneTuple?
xCloneTuple10
xCloneTuplell
xCloneTuple12
xCloneTuplel3
xCloneTuple14
xCloneTuple15
xCloneTuplelé
xCloneTuplel7
xCloneTuplel8
xCloneTuplel9
xCloneTuple20
xCloneTuple2l
xCloneTuple22
xCloneTuple23
xCloneTuple24
xCloneTuple25
xCloneTuple26

Code sure to cause a bug
— wastes Scientist's time

Detected Clone Tuples (Sorted by Total Mass of Tuple)

Tuple Mass in Tuple Parameters in Tuple
291 3l 0 1.000
679 6 0 1.000
1081 4 0 1.000
221 14 4 0.982
1106 2 3 1.000
17 40 3 0.963
257 4 4 0.990
750 2 4 0.996
674 2 0 1.000
643 2 4 0.993
39 16 2 0.968
562 2 0 1.000
182 4 2 0.997
107 6 3 0.994
106 6 1 0.999
514 2 1 0.991
114 5 1 0977
460 2 3 0.997
16 27 1 0.973
431 2 5 0.961
143 4 0 1.000
377 2 2 0.999
126 4 1 0.997
75 6 3 0.966
63 6 4 0973
350 2 0 1.000

Number of Clones Number of Similarity of Clones Syntax Category

[Sequence Length]
execution part_construct list

program_unit[7]

program_unit[9]
specification_part
subroutine_subprogram[13]
declaration construct list
execution_part_construct_list
internal _subprogram_part

subroutine_subprogram

subroutine_subprogram[12]

declaration construct list
program_unit[4]
subroutine_subprogram
program_unit[2]
execution_part_construct_list
program umnit[4]
declaration_construct_list
subroutine_subprogram[2]
declaration construct list
block_do_construct

subroutine_subprogram
subroutine_subprogram[3]

subroutine_subprogram
declaration construct list
declaration_construct_list

subroutine _subprogram[5]

=) © Semantic Designs, Inc.
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Dynamic Analysis:
Test Coverage for F90

* Have you done adequate testing?
* Passes ““all my tests” 1sn't enough
* What about code not exercised?

* Solution: Track executed code
* Display in Ul

* Produce reports on coverage

=) © Semantic Designs, Inc. 2010/03
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Test Coverage for F90 (Mockup)

Test Coverage Vectors Display

: Open PRF Open TCYs Save TCWs Exit About

Unselected Tis Select/Unselect

Unselect Al

NOT

Selected TCYs
C:\0rganizationsiUSGovernmentiNASA GoddardiFI0TestCaverageDema. tey

5
5

5.

F-

B B B

-

$

; _‘|t (Organizations

#1-3) c:\Organizations

[ Probes in Project: 617

[ Al Flesfrrobes | 7] Covered | [] Uncovered

o

LsGovernmentiNASAlGoddard) ClimateModeling) Source
SaovernmentiNAsAlGoddard|CimateModelingl source’
SaovernmentiNAsAlGoddard|CimateModelingl source’
LsGovernmentiNaSAlGoddard|ClimateModeling) Source’
LSGovernmentiNASA Goddard|ClimateModeling) Source'
LSGovernmentiNASA Goddard|ClimateModeling) Source'
LSGovernmentiNASA Goddard|ClimateModeling) Source'
INASAL I\ I
INASAL I\ I
INASAL I\ I
INASAL I\ I
{NASAL I

Allfiles_pphinitasr FOO A
Allfiles_pphinitatm,Fa0
Allfiles_pphinitgas, Fo0
Allfiles_pphinitnew. F30
Allfiles_pphinterp.F

Ci0rganizations' il
i
i
i
i

Allfles_pplinterp30OP.FS
i
i
I
i
i
|

Cii0rganizations
Cii0rganizations
cii0rganizations

ol
Dl
Dl
Dl
L
{5 c:YOrganizations
{5 c:YOrganizations Allfiles_pphinterp_s.F

i Allfiles_pphirrad.f

i Allfiles_pphjcalcd F

i Allfiles_ppikhet3d.F

i Allfiles_ppikrates.F

i

Allfiles_pphland FDI’CEJJ

{5 c:YorganizationsiUSGovernmentiNASAlGoddard)| ClimateModeling] Source’
LSGovernmentiNASAIGoddard) Cimatetodeling) Source
LSGovernmentiNASAIGoddard) Cimatetodeling) Source
LSGovernmentiNASAIGoddard) Cimatetodeling) Source

LSGovernmentiNASA GDddard\CIlmateModellng Source

1) e:lOrganizations’
1) e:lOrganizations’
J :l0rganizations

Line 877 Calurn 16
Line 878 Caluron 19
Line 884 Calurn 16
Line 885 Caluron 29
Line 88 Colurn 19
Ling 888 Column 55
Ling 890 Column 19
Ling 891 Column 22
Ling 896 Column 42
Line 900 Colurn 22
Line 901 Calurn 25
Line 904 Colurn 41
Line 906 Colurn 41
Line 910 Calurn 25
Line 913 Colurn 35
J :iOrganizationsiSGovernment i NASAGoddard| Cimatetodeling) Sourcel Allfiles_ppilistClim. F
42 c)0rganizations\SGovernmentiNASAGoddard| CimateModelingl Sourcel Alfiles_ppilistInput.F
42 c10rganizations LS GovernmentiNASAlGoddard| CimateModelingl Sourcel Allfiles_ppilistR.ates.F
A0 chrganizations LS GavernmentiNASA Goddard] CimateMadslingl Sourcel Allfiles_ppilistSpecies.F
A2 c10rganizationsiUSGovernment | NASA Goddard| ClimateMaodelingl Sourcel Alfiles_ppilocalZeroset,
45 c10rganizationsiLSGovernment | NASA Goddard| ClimateMaodelingl Sourcel Alfiles_ppim_FilsResoly
A chOrganizationsiLSGovernment | NASA Goddard| ClimateModelingl Sourcel Alfiles_ppim_Filsnarne, F
i i \ I
Dl i I\ I
Dl i I\ I
Dl i I\ I
Dt i I\ I

_“] c:i0rganizations\UsGovernmentiAsAiGoddard! ClimateModelingl Sourcelallfiles_ppim_GFIO_Get
OrganizationsiUsGovernmentiNASA Goddard\CimateModelingl Sourcelallfiles_ppim_GFIO_Putl
OrganizationsiUSGovernmentiNASA Goddard\CimateModelingl Sourcelallfiles_ppim_GraDs Fo
OrganizationsiUsGovernmentiNASA Goddard|CimateModelingl Sourcelallfiles_ppim_Group, FoC
OrganizationsiUSGovernmentiNASAGoddard| CimateModelingl Sourcelallfiles_ppim_IndexBin_

¥

[ Covered: 4(0.6%) [ Uncovered: 613(99.3%)

Line 87713179 lewzprs, F0 Gota line
— e | ey e g e g =g g mme e p
885 if (re /= 0) call die (wyMevlame, 'cannot allocate inField!')
G586 call checkVar (inVars (iv), vNawe, nVars e, rcj
587 if | doComputing .and. re /= 0 ) then
388 if [ trim(outVars(iv)) .eg. "3LP"™ | inField{:,:,1) = slp
889 else
830 if (index(inVars(iv),":") .gt. 0) then
591 name_pos = index(trim({inVarsiiv)), ':')
592 nawe len = len(trim(inVars(iv]]]
5§93 ullind = inVars(iv) (1: (name_pos-1] ]
594 viind = inVars(iv] [ (name_pos+l) iname len)
595 call E3MF CFICVarReadTZ [cfio in, uWind, curDate, curTime, inField, re=rc, cfioZ=cfio_inZ)
596 allogate [ wField(im e,jm_e,1]), stat=re |
397 call ESMF CFICVarReadT2 [cfio in, wlWind, curDate, curTime, vField, re=rc, cfioZ=cfio_in2)
595 if | lon eil) < 0 ) call lon shift(vField, im e, jm e, 1)
g§99 else
900 if { rec /=0 .and. (trim{outWarsiiv)) .eg. 'TQC' .or. trimjoutVarsiiv)) .eg. 'tge') ) then
901 allogate [ tgl(im e, jm e,1), stat=src |
90z allocate | tgifim e,jm e, 1), stat=rc |
903 call ESNF CFIOVarReadT2 (cfio in, 'TQL', curDate, curTime, tgl, ro=re, cfioz=cfio_ind)
904 if { re f=0) call die (myNevlame, 'can not get TQL from input files.')
005 call ESMF_CFIOVarReadTZ (cfio_in, 'TQI', curDate, curTime, cqgi, ro=re, cfioZ=cfio_ind)
906 if { re f=0) call die (myNevlame, 'can not get TQI from input files.')
907 inField = tgi + cgl
o008 deallocate (tgi, tgl)
309 else
910 call ESNF CFIOVarReadT2 (efic in, inVars(iv), curlate, curTime, inField, rc=rc, cfiod=cfio ind
911 end if
912 end if
913 if { re /=0 ) call die (myNewlame, 'something wrong in GFIO GetVarT for 2D file')
914 end if
915 if flon e{l) < 0 .and. .not. doSubset] then
916 call checkVar (inVars(iv), vlNawe, nVars e, rcj
917 if | re .eq. 0 ) call lon shift(inField, iw e, jm e, 1)
913 end if
919! if (lon e(1) < O .and. .not. doSubset .and. trimfoutVars(iv)] .ne. "SLP"] &
SzZ0(! call lon shift(inField, im e, jm e, 1)
<




Reviewing code changes

* Use (classic line-oriented) Diff(?)
— Advantages: widely available, easily understood

— Disadvantages:
* Line granuality: fine detail in statements hard to see

* Doesn’t understand code structure

— Programmers change constants, identifiers, expressions, statements,
block

* Use Smart Differencer(!)

— Advantages:
* Detects changes in code structures
* Reports changes as “rename”, copy, delete, move, ...
* Finer grain output = focused reviewing
* Faster reviews

=) © Semantic Designs, Inc. 2010/03
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Diff vs. SmartDiff: misspelled Julian Dates

Diff output: 141 lines

! Conversions to and from Julienne dates and find day of the week.
-—-> | Conversions to and from Julian dates and find day of the week.
19,20cl9,20< ! julienne :: Integer, Optional

< ! If present the julienne day for which the weekday is
———> ! julian :: Integer, Optional

> | If present the julian day for which the weekday is
31c31< ! -l=invalid Julienne day

—-——=> ! -l=invalid Julian day

34c34< subroutine day of week(julienne, weekday, day, ierr)
-——> subroutine day of week(julian, weekday, day, ierr)

37c37< integer,intent (in),optional :: julienne

-——> integer,intent (in),optional :: julian

44,45c44,45< if (present (julienne)) then

< i£ (julienne < 0) then Smartdiff output. 1 line

___> 1 3 1
1t (present (Julian)) then Rename 34.7-265.36 to 34.7-267.34 with

> if(juli < 0) th
* (ju.lan ) en o 'date to julienne'->'date to julian',
49c49< iweekday = mod(julienne+l, 7) 'iulienne to date'->'4ulian to date
-—> iweekday = mod(julian+l, 7) jusienne _to_cate jutian to catet,
! and 'julienne'->'julian'
51c51< iweekday = date to julienne (ierr=ierr)
—-—> iweekday = date to julian(ierr=ierr)

82c82< ! Convert a Julienne day to a day/month/year
--—> ! Convert a Julian day to a day/month/year

85,86c85,86< ! julienne :: Integer

< ! The julienne day to convert

-—> ! julian :: Integer

> ! The julian day to convert

100c1l00< ! -l=invalid Julienne day
-—=> ! -l=invalid Julian day
103cl1l03< subroutine

julienne to date(julienne,day,month, year,values,ierr)

Another 100 lines..
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After change, what to Unit retest?

* Modules X directly called by Unit tests

—  Sort of easy to detect with diff
Fails badly on moved code
Forces retest of modules with just renames

—  Use SmartDiff

* Modules Y that call changed X

— Need global call graph
—  Use C? Needs points-to analysis

* Modules Z called by changed Y

— after call to X ... if Z uses result from X
— Need control flow and data flow analysis
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ir_dampenmg_meﬁaoe_up
(=)

[

get_route_debug

if_dampening_get_client_interface_ug

-«

<

route_debug_test_acl
iprouting_debug_str

sw_interface_up_inline iprouting_default_table

onintstack

iprouting_set_ndb_last_rdo,

ip_slow_check_inline ip_fast_check_inline
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Where to get Unit (Regression) Tests?

* Most development have very few (intentions don’t count!)
— Very hard to construct with large, running application

* Running code a possible source
— Instrument each function

— Collect argument/result values at runtime
* Must include all variables read by function

— Generate Unit tests for argument/result pairs
— Puppetize (modify) code to force enable Unit test execution

* Needs FORTRAN...

— Control/data flow analysis
— Transformation to insert instrumentation/puppet code
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Compiling C++ for SMP/SIMD machines

* Problem

— Suddenly, SMPs with SIMD are cheap
* Variety of targets: PowerPC, Cell, X86, custom CPUs

— How to get high performance C++ applications running there?

* Solution: Vector C++
— New vector datatype V[ i:j ; m:n ; x:y ]
* Arbitrary dimension array of arbitrary subtype
* Breaks C++ storage layout rules — enables communication optimizations

— Data layout specifications
— Array slices and data parallel operation on (sub)arrays
— Partial order computations

* Where to get compiler?
— Use DMS + program transformations
— Translate VectorC++ to target-specific C++/SIMD operators

— . :
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SIMD: Prototype VC++

Robust VectorCpp.h (raw vector implementation as templates)
— Can enable “Out of range” errors on subscripts (via C++ asserts)

Dynamic vectors now usable
— Initial sizing, access/update, parameter passing
Simple casts between arrays and vectors
RHS Vector Slicing; some LHS vector slicing
Elementwise built-in operators on vectors: + - * / < > =
Elementwise user-defined operations on vectors (a.k.a. lifted functions)
Dot product { .} and Matrix Multiply {+@*} implemented
forceinline works for non-lifted functions (but not for methods)

Reduction of many VC++ operators to forall loops containing nested ifs
— Feeds into VMX vectorization with slices in inner forall loops

Fusing of some forall loops (current implementation: not always safe)
— Fused loop bodies provide better vectorization opportunities

Compiles to Vanilla C++
Compiles to C++ with PowerPC VMX SIMD

— . :
=) © Semantic Designs, Inc. 2010/03

30



SIMD: Example Translation to Vanilla C++

VC++

C++ translation

int main () {
int x[3:7];
int y[3:7];
forall (int

#include "VectorCpp.h"
int main()

{

VectorCpp: :Vector<int, .<.., 3, 7> > x;

VectorCpp: :Vector<int, .<.., 3, 7> > y;

p= x[z]+1; {

x[2]=p*2; VectorCpp: :Vector<int, .<., 4, 6> > pi
} {
forall (int z=4:6)

for (int z =
y[z]=0;

— . .
5=&) © Semantic Designs, Inc. 2010/03 31



SIMD: Example Translation to SIMD Vectors

VC++

const float L15[4] = {.3e0f,.3e0f,.3
#include "VectorCpp.h"
int main() {
int j = 2; VectorCpp::
VectorCpp: :..float

int main () {
int j=2; int m[0:10];

or<int, .., 0, 10> > m;

10> > x; VectorCpp::..float..0, 10> > y;

float x[0:10],y[0:10]; { int 1tll = 0; int utl2 = 10; // preloop: handle fractional vector
forall (int q=0:10) for (int g=1tll; g<(1tl1l%4 .. ); g++)
( xlo)-IGHISEIET T I I U
) ’ if (y[q] '= 3.f & x[q] > 1.)
if (ylql'=3.f & x[q]>1.f ) if (m[q] == 3)
{ if (m[g]==3) x[q] = 0.0; }
x[q]_ for (int g=1t11%4==07?1tl11:1t11+4-1t11%4; g<utl2-utl2%4;
} q += 4)
} {

{ _vector4 tl1l3 = _ vand(__ vcmpequwR (
__vempequw (__1lvx(&y[q],0) ,_ vefux(_ vspltisw(3),0)),

__vspltisw(0), 1),
__vempgtfpR(__1vx (&x[q]l,0),

__vcfux(__vspltisw(1),0),1)));
if (XMComparisonAnyTrue (1))

{ vector4 tl4 = _ vcmpequwR(__ lvx(&m[q],0),
__vspltisw(3), 1);
tl4 = _ vcmpequwR(tl3, vand(tl4, t13), 1);

if (XMComiarisonAniTrue | ll l
11}

// postloop
for (int q = utl2 - utl2 % 4; q < utl2; g++)
{111}

— . .
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Physical Units Checking
Does your computation make sense?

* Problem: easy to get units wrong in formula
SNOW_FEET = SNOW_MASS /12.0

— Formula complexity, abbreviated names contribute
SNOW_DEPTH =SNM /12.0

* Solution: Automate Units Checking

— Annotate code with units

* No change in performance

— Tool checks for sensible usage

— . :
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Physical Units Checking

SNOW_MASS = PRECIP_RATE * DURATIO
& ( 60*60 * u_second / u_hour) Programmer annotations

SNOW DEPTH = SNOW_ MASS /(12.0 * u_inches/ u foot)

REAL PRECIP RATE ! u gram/u second
REAL DURATION !u_ hour
REAL SNOW_DEPTH ! u inches
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Other Possible Tools

* Code Refactoring
* Code optimization for parallel machines

* Holy Grail: Differential equations — code

— . :
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Conclusion

* Big codes are hard to build
* Many tools can improve development

* General mass analysis/change tools
make 1t practical to get many tools

* DMS is one of these engines
* 8D already has a number of useful tools
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=) © Semantic Designs, Inc. 2010/03



DMS Toolkit Components

* Parser/PrettyPrinter RSL: Transformation Rule Language
— Multimode lexing and GLR parsing * Patterns in DSL syntax
— Automatic AST construction from  Patterns, rewrites, rewrite rule sets
grammar

* Term rewriting engine
. Existine f d * Associative/Commutative rewrites
xisting front ends * Constant folding on basic types

— C, C++, C#, Java, Pascal, Visual Basic
) > ) ’  PARLANSE: DMS Procedural
- COBOL, JCL, FORTRAN, Ada Programming Language

— Preprocessor parsing, comment retention

- HTML» XML, CORBA IDL * Custom analyzers/transforms
— Verilog, VHDL * SMP Parallelism
* Procedural API to ASTs * Robust exception handling

— Traditional compiler API

* Analysis support
— Parallel attribute evaluator over AST
— General symbol table manager
— Control flow graph construction
— Data flow analysis framework
— Points-to analysis framework
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